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PROBLEM TO BE SOLVED: To efficiently and easily obtain a substrate for epitaxial growth of a GaN 
compound semiconductor monocrystal membrane which Hals little crystal defect and favorable surface 
morphology. 

SOLUTION: This method comprises at least the steps of (ij epitaxiallyigrowing a first GaN compound 
semi conductor monocrystal membrane 303 on a bulk crystal substrate 301; (b) epitaxially growing a 
GaN compound semiconductor monocrystal membrane 304; containing In; (c) epitaxially growing a 
second GaN compound semiconductor monocrystal membrane 305; and separating a second GaN 
compound semiconductor monocrystal membrane 305 fror^ the bulk crystal substrate 301 and making? 
it the substrate for the epitaxial growth. 



Abstract 



Data supplied from the esp@ce net database - 12 



. 7abstract?CY=ep&LG=en&PNP=JP200 1 342 1 00&PN=JP200 1 342 1 00&CURDRAW= 1 &D03/04/1 0 



(19)B*H#fP/i* (J P) 02) & H !j% |fr & $g (A) 



^2001-342100 
(P2001-342100A) 
(43)&WB ¥jfcl3*P12J!110(2OO1.12.11) 



©DlntO.' 
C 3 0 B 29/38 
25/18 
HO 1L 33/00 



SMOTE* 



F I 

C 3 0 B 29/38 
25/18 
HO 1 L 33/00 



D 4G077 
5F04 1 

C 



*2B3fc KfcflOltlO OL (£ 23 S) 



(21) ttiS## iwS2000-301301(P2000-301301) 

(22) fflHB ¥5gl2# 9 £29 0(2000.9.29) 

(31) «5fctte£3R#ff 4»R2000-S0158(P2006-9bl58) 

(32) fiifcB ^12^ 3^29 0(2000.3.29) 

(33) *5fc«^ifiS i*-(JP) 

' ■:: f, if '. '. '■-'■.>'•} j *S;Vj.tff> i ■ 



(71) HKA 000003078 • : S > 

3KStfB§E£ijf-TB 1 # 1 ^ 

(72) 3MWf iff! an 

(72)&W# 5/H JEff " ' " ! 1 

(74)ft8!A 100083806 V « ? .■; •* m- 



(54) Ilf^^^^^^SSOS^ftlfctfCiOXH^^^JPjSfiffla^Sffl^fcilsJWft^BO 



(57) [®i*U] 

imm^m ( -r ) 'to*i&iuK3 o 1 ±fc, m 1 

OG a N^^BVfMitt 0 3 SrXt^*^ 

■WHMW-filSfc. (U) I n£-£tfGaNSVfk£!t$!) 
¥8EfMUSftjWB3 0 4 &xt?^j/+;HS«f SXS 
(A) I2^GaNM^Sftf««3 0 
5£xt?drx-v/Ufcg-f£I*Si:. (x) §&2tf)Ga 

30 l*»WHtU xe^^fW;HSftffl«Rfcf *X 



(a) 





303 
302 



0» 




304 
303 
302 

301 



te) 




!(2) 001-342100 (P20 0 1-34pT8 



iwmm i ] '^msmwikiz. m 1 <nmuf u 
mfiem i cnm^j y ^^^-fb^iw#(*:*^fijs^± 

tutem 2 coM-ft^r y *j±mtfswm&m&imm z . 
WSLt-i- &J3%b t i>^-t&z t 

im$m 2 3 H?iEm 2 somber y ^^-^w^tt 

Am-^w^flc*«s H Q H ^is-cft s i k ^iwat-r 5iff 

*feAif iiui. r h i=s?j± iistsm&if y * j»mtt& 
wmfw&imsc*>& z.b zimt -tm&m 1 x . 

[ff*«4 ] Sirfes&2*>£-fbjr u ^iRftteWNf* 

[f»£« 5 ] fitness 3 o&fbjr y 
wmtvmamreto &zb zumb i-msm 4 12 
[«3<jS6] mriB^iio^b&'y^^fb^i^* 

*3S B B B 3fK€rXU^dr^^;^«i-|,Xg^fflV^^'J 
^^JR*Ki««bftlMl:^*^*fflv\ fifiiaSfS2tf)3rt; 

D^M^fflv^;t zmib-t zm&m 1 ~5 
ov v?ft*> 1 ^legiox ^ * * /^ftffls^^agjt 

Mtftg 7 1 fitness 2 tfos-fb^ y 

#y ^ AaMfc^^*MMSw»^*< t 
l . &£A(c ± 0 1312m 2 oafwr y 



1Mb. 

fitness 1 oaMbyy ^'j>^&mmmmsmmn±. 
wan y^^ft-frtrmberu *A*ft6ft¥*fMitt 

flfln»XK**5'^jS»r*XSi: .. 
m&b-thJMb. 

^^^fl^AiiJS^^afllJft^xK^^^^;^ 
sxst: 

^ B H rfSi8K« bx : fm *»j8fr * xgfc w»* < 1 1> w 
[Mn 9 1 miem 2-com.htf y ^m^w* 

3^KfUr U ^A^fc-^Bj¥«*«SJBWIBI*xt^^ 
^M B 3 B ^lSSrxb-^dr^-v/HjK^-rsxg^ffll,>S^' 

flyer y ^A^^tw^^^Bi^jK^xt^^^^^ 
jfift-t*xatefflv^/ry>AKfl*i» &Mtfv>yj±<r> 

[00013 

[%Bj^s-rsetfs*»3 mberu^A (g 

JCXt^^^^^rtUtfflWlSiltt^WlfcO a N^-fk-^ 
[00023 

*ftTV»4. GaN«fl:^imiS«c<^ga*BR«3«S 
LT, WflS^-fk-^^Wa^ffi (filT r MOC 

«^aaufc»BS«rtfcRi6^ mm**) bt 



!(3) 001-342100 (P2001-34PT8 



x. rv^-r (nh 3 ) xxtrnz. im&mititfto 

<0bU^^-;^U^A (TMG) fc„ V&tfXfcLTN 
[ 0 0 0 3 1 i<7) ± d LT^*$-li-fe G a N^-ffc^J 

fg&felSJJ- S t t #¥^#§IS<0!i# mm<7)*z*b£ ' : 
[ 0 0 0 4 ] flA* J£M O C V D8;£flll >T*?T-f71 

(CITfc&VYC r L E D j £:Vo. ) 3f*7> 

[0005] Z<?)£ 0%lBMZm&t&tltbKi G a N . 

TVI^-^A (A 1 N> 0/N>7r»£j£*$i££:tr*£ 
(T75'f..t ? ,: ■?:4n>»?-ZruU?— X&AQm. 1986 * 
3S353W. JltfWRPI^ - 2 2 9 4 7 6-S§-&#fi# 

~— x • Tvk • ;*>r • tt*^, k -.7 *.s*y2.x 

ST30g. 1991^. SIL1715fl;: &t*}tgB¥4 - 2 9 7 0 

2 3^?g#fli) j^snt^s. z<7>im}. 
T^rmBLUz^ j*yii&g4 oo~9o ox:coimx\ 

W$#l 0—1 2 0nmO/^7rJl£t£<t&&<0T';fc 
S. ^:o^i>'A*»/7r«cD±{cGaN«^^fi$ii-S 
ittioT, GaN^ttJf^fltt^WE:?* 

[0006] 

T, TMG^MO^$:^>J^A^Kffl^S^(w 
^A^<(t*?it (HC 1 ) #X*mS>2-£Xt&tt, 

#y->A <Gac 1 > L-cetj^rs^-cti. Jlfttft 

X, i¥KGaN^b-^j^«c#i^SSr 

«0GaC l Srtt^i-|,^;^-JKWi:^S. ^IcSi* 
$=5:fJ^<0-oi:UT. fl^n* MO 



jaw* G a n j^b^i^fteSiiflKtcoisaeat^iB 
%7'«-ni?-ft»v.9 JiaeiK-« twwmT$>K> . , 

=3r-s»i fc*»iE< wtt&tix v^. -/f iV ~ 

[ 0 0 0 7 J X. £<0± 5 =5rSS*<0G a N^fcS*iNS 

&r+t>HBbai<: max oai 4^»waw*^i[«wi 

[0008] *%PJMZV>£ o *&ffi*mx.X%ZivK: 
[0009] ^HJcOffiOSWJi. -KitSfiCOxe^^ 

[o o i o ] *&we>mzm<7)&mz. xe^df 

fiR«fflS«<7)±^xe^^^^^$<ll>GaN^fk 

[ooii] ^HHcoig^cog^ji^ ^i^m^m 

[0012] *^<D^tfifec7)a WJi. 5 -y 
[00 13] 



!(4) 001-342100 (P20 0 1-34pT8 



£ v HlOGaN ^ft^¥£««ify3Bt£x e** 

is*)vim?hJM m 1 xs) , ( o ) i«» i o 

^kjftfit-£X8 : (JR2XS) (^) n£ 
^t!Ga NJHb^^«:«t»*g^HBI^±fc. SB 2 COG 

SXS (mSXm) t.. (-) £2«>GaNXfl:g1b¥ 

.[•0 0 l^££^r^^ttW«J t<i;- *7 r 
«) fcffig - J^Sft^^vC&S. GaN3Mfc6ft 

*#«c*»^i»^e^^^jS«fflaiRfc:ii, g 
31^»^G.a..N^-fk-&%^#ftyN';Pi!'*^i:, %h 

ncoi&tz^ 6 h -Bttmm (sick 3 c - s i c v 

SHtStS (}Z nOj) :Mik-?y*is*7J* (M gO) 
S^'fc?l5TW7-*>f:^^iv .CT^ff. (a) >VV 
1tt=5|-*Jblf4§l#±««fe. - (b) /k'ysK+ccitett 

sxssox »/ ^"r'^ B a H o»«^siffii usa* t&\ % ±yf s 
ant u - w^±c7)«^sax^*«$ *r WRfe-r h-x 

[0 0 15] *»W<^ltf>««te«*XW'*>'.wP 
OG a N jMt^43MMi|&Al9 il*=»*S*lfc«^« 

m2Rxsm3T.nTM.it>&£tix*i L m.it2tiz><o 

^OXtr^df^^fig*ffl*S<0±tCXt^4f 
is*>V$MZtlh G a NaMte4t##fMUaA8HR<QX 

[0016] 2fE%BHOmi Xt?**!'-*/!' 



[0017] *mxom2<?>mkti* ( <t > ^» ma 

StLLfc, £ 1 <0G a Na^gftMNfflMittAilKSx 
\£9*ifrMObt- *X« (SglXS) fcv (a) ^(0 

O G a N^^^fe^ft^Sftff JKSrX t.jJ' 4f 
&-t&JM (MS2JM) (/v) I ri £#tfGa 
N^^ipi|#WJWB»5iteV SB 20 G aNM 
**MI9WMasa»K*xtf*# ^jHtttUB 

fum^mmmt-ttJim <m4xs> (*> xe* 
IS) '(a?) #Ji«iJioft±Ji^GaN^-fk^iii^ 

«WM«SA9Wfc« ; L"CWit»Jftr*XS (S6X 

[ o o 1 8 j *%Ba<o£ 2w#acflf*2|^^a^«i 

W^^j^Sg-l^afc«Sxt# dr.^-v7l<fig 

WO G V D.^)fl&V ysoy A£j£«V)tt<9. 
MffijS.*^*M»r«E^*S. jg^.^T^x^^r^ 
(MBE) ffi. -fb^xe^4f^-ffi (CBE) 
IfUnMf^HI (ALE)fe iffllK* 
dri^-S (MLE) ^^Xt^4f^^/^^g*<^ 

[0019] 2(s:»bj^ i ^^SfCfev^Ta^Jt i d 

ox, dcoxe^df^A-/PGS;^ffl»go±tcm5xs-c' 

i: LTv ^3ftfe«fJ:Ot.2»MX105 cm^g 
Xhh. 

[0020] *wm?n 2 cO^rSt (Cffi S ^SE#^S^S 
J:3*IMWtw^lSiHHRTI«St<. ffiibffifit^x 
ffifii (SPF&^g) ^xt^=Sr^;i<«K^SBt:® 

[0021 ] *%Ba<7)Sg2^#Sit^S¥«fl^Sli. 



!(5) 001-342100 (P200 1-34pT8 



imfti,-^ led mcvtmftmim?. nwrett 
&v?yi;x* (hemtk ^a-/h#y-bffli:# 
imh7>i?A? (mesfet) , &m • t&m • ¥ 

mft&<&Sm%mZkh7>zSXfi (MISFET) ^ 

fa»^^ #-7N5^?(hbt), ffinwm 
yjvvx? (sit) mmxmmmim.zmww 
or**. m*.\f. *mi<7)$$2(Ditmiz®z>tmim 

mW&£*- 5 y ^«jil!{ii*^0-C. I ISI-?^*: •) 1 [3 

[ 0 0 2 2 ] *H^C0H1 «0W«fc**xe^4f- 

m#gi9<?mklTmz&^x . ±lfi«®4Xg{i. 
x v fy/C <fc 9 I n £ fits G a N^-^j^** 

*{=Ji 0*2^QiU4^^«HfHWMltSail|R&. v . I 

n S-^-tf Gt a N^^^ftc^^i^^^jK 
t" S <T t flWCifc & . i cotzib. 3g 3 IiCfeV^x 
t ->^J«*-r & JK 2 *>G a N^t^^##^ 
. ^Hg{±. In**t?GaN^-ft:^!Bj¥#«#ifeAffJS 

•y ^V^SS^^S G a NaMb£«MH*fl^AiVK 
T-feS^i:A«»*LV». ®2cOGaN^t;^J i f £ ^#* 

m-&<Dtf&%\,z%hfrhx-$>h. mut. sn2<DGa 
ujkfcisimmwm&ssm*. a i GaN»A 1 & 

[00 2 3] SSWi, m 2 (7)G a N^b-g*^#«S 
JHWI*>±fc:, WC I n Sr-fttf G a N^fti^^ttJp. 

urn*, xwmimm^, fm^^-yvx^mt 

SRKC. ^®5rX.yf-y^3{JKOiiV^3<7)GaN^I: 

^v^yyw^izK&frkx-hh. mats. m3cr,G 

aN%tt£4tNHMMUHMMB** A 1 GaN^)A 1 

x >y ^-y^i; $ <7)x - y +y TWRitZ** < Z t 
JMmiZKh. W.IZ, A 1 GaN¥OA 1 ££*jGaN 

t . m 1 IgfctJ WCSS 1 <7>G a N^^jj^ft*® 



[0 0 24] J5tc s 2|s^^l<7)#St^sxU^^- 

^j\sf8.%mm&Mmmi. Rvm2<wmtztt&* 
mmisc?)Wgffikizt3\,\x. siigtiv^^ 

fAit. &mm??j*co/\uyym{t-&fozm^&zbi> { 

#*U*. tfVVJ*mmtLX<DMOy!fxit, WmX'j& 

<7)MocvDmx\ ig3x©±. ^*ascoav>wo^ 
mx-b&. Kuvymmm&sk&ttxii. mm*. . 

Ga-HC l -NH 3 IO)iflail (^n^W K) S5iH« 

i o^m/hBM6 o M.m/iimm<^m<n^yym 

JtlS^®V^«3$«-e. JIl ^GaN^ft^J 
tS2xt^dr^^/P^LfcB2<0G aNM^i*. 

3 0xtm^M5 0 0^mfeK. jf4L<|J3 Ojt/niM 

3 o CumaKOBfrMcoJf fttr-. --S-alHffiMa^**:.. 

{±. xtr^^.^;«*fflS«<7)Jl§2r,5 0/xmy n ;M2 

ct)J?$ 3 0 ju m&TT'Ji. «H!W<j5fiS* { ra®fc'S:S«^ 
X. xe^dr^A-;H£ftM*!g^v^raitc: 
xtf^:^-v^fK^fflS«O5 0 0ju 

{±. XtT^^^^^M«ffi<0Jl§^8 0^my?;Ml 
[0025] 

-f-O®. ^<Oxt^^^^;kfigfifflS«Ri&fflv.^^#«c 
^i|S]-X*i«{HO^?r#tTV^. fiU EMii^ 

fi.<?)it&m&m<7) %><nt \tm^ &zt tz&mt^z x 




^xymt^^nxht. xmmttz.mizt3\^xi>K 
rfcoT, *mm. zK^m^zixKtfiMgk&r. mo 

. [0 0 2 6] (ttibHSlKK- MOCVDHS) Hl-ttv 

[oo2 7iai 3 ti. *wmmtmm ■ 
y^^-u, NH 3 #xiAf2 2, hci#x#a 

• 23, 2SSl^A*A«21*%AS*1.TV>^. ttlftjf 

? N hf<WH:7t2:6#C :53SSKlEW#r2 1 *K 
SA^it^S.. Z.ny-3?.T4 hW&)V-k7?2 6fc 

.Ol*<^m$^S.. MtC; 53^»5^S2 l-icut, 

5tfimzix, tfxzfflftiii% : z>ffimz%^x^ 
^^/t^y-x^y?-, Bt&Kxr&ajt&i? 
§#i2 1 vmvMmsaitmx-? 2 uismwztLX 

2Ga + 2HCI = 2G 
£*&J&tCj:»K GaC 1 #X«*£j£;Sii&. MGa 
c 1 WNH 3 #xfc££, ^-fe^ 2 6<5D±nrg*» 

futi* 7 r >f r mm. 301 co^tM-gate $ fir . g a n 

^BB^Jgft^M • MOCVDgfll #X£«J9#;i 

wmm$mf&% tMocv ds«s*^«i^ 

[00 2 9] (MOCVDH1) I2(i. 
(^S^SSt^^fflV ^MOCV DmW<7)W%ffi&Z 

Sjr*\ ^mmb&ftn-JjnyyyiStftLX. ifx 

mxm ltmx^ixx^. ftfo-tztt>m%jfc®ft 

3 3^ :B3IHRJ6«S»+fci*A3*rO>4. I«/7 
hS?^-tr^3 3^{±. &^£#3fc0f!?)Ga 
Nxt^^x^;Ht4 0 l#JS£i$fi£„ jg^ 53? 

RRjs*»fctt, 9ffi®2 5#®mzti. tfxzmmiti 

3 2 lc 5 0 0 K H z7!>M5 MH ztfOiS^a 




6) 001-342100 (P20 0 1-34PT8 



-^2 7^«fcoTJlg^$n-&. D--feT^260 
±lCtt«S*^1f7 r 4 T«« 3 0 1 It, gjfcta&b 

22KNH3 #X#, H C 1 tfXBX'g 2 3 H C 

-5TS5i»JP5n^^»flti^$^l.i ^XS§tA@2 1 
*>4>fcJ\ TMG, bU^^-O-^A (filTfc&WC 
TTMI j t^d. ) ; hU^TVWT/l'S-^A (£TF 
TTMAj i;B&^^) ^<DMO#X, gig (N 2 ) . * 
f?§ ( H 2 ).%*mtf. 0^?r*B& ^?X70-3 >- h 
P-7T-S^JP£*t*A { &«te£ii&, #xmX<W2 

,^y?«;iu;l/7^yWmT r Cp 2 Mgj i:B& 

5. ztit><v*fxtm5m2 5 k*)mti2tii>. mix 

{i, ^x^AW21{±l*^$tttUS3&<, #x<vm$i. 
I=*M&*T. Slfc^tfXSSAI^ lfcf&J-tT 

[00 2-&T'BttC5&raMMI&: M O C VD^gfc 
£VVC- v -MO&YDSftfr3.<<C<*.. NH 3 tfxmX f g2 
2»&ONR3-^X»jBHft-U' |3H$te#X^A«2 4> 

0#x£:&3SSiiK5S«S§2 1 *te»ffttf>a«T#Af 

fAf2 2KNH 3 Sr^AU HC l ^«fef2 3 
=■ 36f»4HC-l^«SK^Wi 'HASiifcHC 1 ^Xli. 

?8ifr^ , J'7^2 9i:Ki5L; 
CI +H 2 • -• ( 1 ) 

OTHSRSii*-. S!-?X. -9"-fe7-^3 3(7>±tC|^a*^ 

tGaNxw^f^rt«4 o 1 Br^iaefcHn 

XfX^EA«3 lrt>&«\ TMG, TMM 
MAfCOMO^, NH 3 ^fX % HCK&tfSi 

h 4 „ cp 2 NrgfoH-tymfjRWft, a 
u-yxffi&&imtix®tezti&. ztizotfxmt 

SWf2 5±0»fBS*t*. l22T«i, ^X#Af2Hi 

[0030] (*v?*is*frj&mimL<owki7m) 
zmz. ^mzir>xaTo~^cr>js.^m^mhz\k 

J: i3t7T-f TSM 3 0 1 ±fcJ?V^G a N^-fb^i) 
r TS« 3 0 1 SrTc^^IR •) ffl-f . L 



!(7) 001-342100 (P20 0 1-34pT8 



• -v- 



dm 



x. z\<m~ Mv>f&Mmm. mx.im2iz^tMocv 

[003 1] (b)-*. Hlfc«rrJ:3«f«ft«rtKl 
IMMOCVDSfWr>frlS3 0 UCit 

x\ wfcLxmtmmmmj&miXGaKm&m* 

rwWL;};*- ••• v.-. ;• 
loo 32] sec p«e*«!W^*. nbwuiriisii-- 
< •• moc vD«dTO&*f-**£Tt> . mss&TW 

tfcU Stf53€S»RJfr&t£2 1 r >f T*K 
3 0 1 ZmLWtfL&tZtfrHite. B«JW>«H£tt3»r 

r bo iuj^hj^^»Msmi(cje.^» . -v.-v- 

[00 3 3] WSrxtr?* VirAMfi'mM-fi-RiP 

^ftttJ£*#&£Ut*§1^£:. 3<^7C©«««Srig^^ 
* J £t&. f#£, Al GaNSfOA l £-£tfGaN3Hfc; 

[0034] JglC-e-ft-efXCOG a N^64fc¥«fMttt 
;«*V*KWTIi. 01 3t«?yS:^-«fcdfcs InGaN 



ikxtmizfemtx , ^<maT^y n«* Last **>•-. 
»«'.Lit«lit«saifS<44.,;.;,;, . 

[003 5]M-oX< gm*?* O^-tf&ifT, MS 

wfo:GaN^k^¥^^*.Ma^K^^(as&s&- \ 

. . 

, ^y*««fflfflS. Al GaN/GaNXC^y*,, 
W«03«© 

-TS . ftIV GaNXt^df^^;^«fflK«(Oigit^" ' 

-. m* . m sm/mA zm^xwm-h.<-. •; r ... ii 

[0037] M ) ■W«KES-( *<0 1 : U 

ffig5 0. 8mm<?DcB^7r-Yril«3 0 l.&Jffltt: , 
^» . <! <T> c f TS« 3 0 gfe^-r S . w r 
^tit^ryrATWSL3 0 1.*. EBlK^WlSIWKii-.: 
• MOCVD^«W-9--t7 , ^2 6cO_h^*frl). iJCC 
^^>R>E®8i2 1 1*1^ , P£V£2 5*^LT*^ . 

(n 2 > rsft-rs. *cot^. mmx^xxmAmz 

&SMb-*2 TtcA-sTaSiaK^ I ^ 0 0 0X:fc^ 
SAdtcJn^-l). C1<0^ HC 1SA«2 3*>^>?£* 
tf'j^A (Ga> 29KHC 1#*£0. \ ') yY)V/ 
t . S&tfJ&G a Nxt^dr i'-r iHftft 

[0038] (o) mmmxm (*e>2:$me>g. 

it) :HC1^ Srit Afc® fcffiSfc&ffl?* t - ^ 2 7 OiS 

s^TtfT. i?-fe7*^iajK*i5 o o-cK^-rsstif 

o. ^^'C^'X«A^2 5*»^*^ (H 2 ) fcM^lR 
^<Txfc«IM-4i:*fc:. NH 3 tfxmA^ 2*^N 
H 3 ^flBM- * . ^XSA® 2 4 *>/i>««&-r &*fg 

^ tmm#x<?>fflHi*tL<?ti i D «x h/i-/^, o . 

5 'J >y YJV/ft. NH 3 2frt>NH 3 if* 



!(8) 001-342100 (P200 1-34PT8 



£x-&*> . c wry r a rmm 3 0 1 <r&m<7> 

[0039] U\) $111:^, GaNffi« 

iz. tixm\m2 4 y t lto*^* 

X, g|gfcjDX.T. TMG#x£3. 7xlO-5t;P 
/#T4#aW\ TMGtPWKHCl^t 
fflvv ^OJSUBIO. 1 'J >y hits/tob Lfc. .IfUcJ: 
f>, 03 (a) H^idfc. c®if7r^rS«30 
1-OMHlC ; iBW 5 0 n mO G a NfiWJ&Jt* 30 2 *» 

TMGkHcj©e»*jt«>r. 

&±MZ4tTit-A:y? 26<0i§,mffiU< 10 0 o*c*-c .: 
■JJUrt&t. 4 *^TM G*l .' 4X10 

- 4 ^/#<08EftTNH 3 #.X0 . 9 5 y y F/t-/# 

kfttetft&ut. MocvD&-t'mi$ra?>j£ii£-r 

S. Cfc.fc.fcO;. S3 (a) £5j(t£ 3 fc, GaNfiiS 
fifcRJf 3 0 2<OJitC, H2wm<7)GaNxW^^ 
;W*«3 0 3S:«l«t- 

[oo 4 o ] .•(sr---jn2XB : mzi&m&T ■ 

X 1 0 " 5- ^P/^cOgaT^-r-S TM I £ 

2 i 7 X I O - s * >vSft<r>%SA~£mk?th . JSWfcteH, • 
C 1 £0. 1 V v h*/ftTftftU NH 3 #xm\*g 
2 2MNH 3 Xf^is SSat0E> .9 5y.-y h^^t'tt 
6 04H8lti*U i3 (a) tC*-r±dt. Ga 
Nxt^Jf-V-v/U-f£«Ji3 0 3<0_tK. MOCVD&. .. 
X\ InGaNXK^yT«S13 04^0. 2ju 

[0041] (*) -.maxs : tmktm 

G. HC 1 jfci6. NH 3 ,4jfcLfc*£-C1f-feT 

^t&g£ ioo o'cat'±#$-*s. •^•fer^auE*^? 

S£LT*>£k HCl^HCl^«*Sf2 3KS 
At. JS«£*"y>A2 9i;Rj£§-frTGaC 1 2; 
UrtiZbT. *<7 5 0/um/h^ja*^ST. GaNX 
tf?* S'r/Mfcft/i 3 0 5 £ttflflmi3*UBj£&-4-£ . 
Zcomm. 03 (b) IZ^XolZ, I nGaNXt? 
*^/M&£JI3 0 4O±fc. ffif8 0/ira«GaNI 

e^dr^^;^^a3 o mimmwmf&mzx 

1 #X£ittf>. f^i) 0 CTM G k H C 1 JfXZtfX®& 
<g24*>£5fcLT 1 . 6jum/h6D]rfcg3&rC, GaN 
Xf^df>-^fiE*®3 06$-, MOCVDffit^? 

03 (b) «/S0. 5 

/im<0GaNxt^dfy-vMIi30 6^ GaNX 

e^df-^-r/^^n 3 o sn&zwmtefa&tb . 

[0 04 2] (M 3*4X11: *l/C, -"MrT^i&Jg 

&3S2 1 rtt. *fxmxm2 5frt>*mzmxi. ax 

x-yfy/Jtl.. ;^Xi7fy/ii> InGaN 



Xt^df is*)Vrmm 3 0 4c^£gfiRfftf::x.y^>~5>' 
-T&cDT. 04 ( a ) (CJjrf i. o liZ, InGaNXW 
*is*M&9M3-O40)Mz1ftLXV-4 F • x-yf-y^ 
^a^rTS'. £<9I nGaNxe?*3''*;l4&£J|30. 
4<J5^X«yf-y^± N I aGaNxe^^f^Mfi 

jb 3 o 4 attorn-*- s & -en o &mm <. &&m 

LT, 1M F •x-yf-^#^TLfc«Bft£SS£'C 
Tff 6 t v %!&Mzi 0,. 04 ( e ) fcjjt* J: 3 fc, G 
aNxt'^i'-WUfcJIJf 3 0 5\S.t/GaNxb°^dfv- 
■v/Pj«jD»3:0-6*»6 =3r-l»«S* fc , GaNxt^i/ 
A-;««B 3 0 3 i 0 T<7*9-7 t ^ T*«-3 0 1 :& X'<7) . 

mm#£M$£t£. ztxmLWzwj GaNxe^ 

3 0 5RtfGa'NXB^ ^7P«*f.; 
3 0 6*»A>i3:S«gf*:3ii<. 'GaNXtf^^f^^;«^ffl 
(OTfcti^r rxb*^^^;P««ij k^3. ) 
40 1kLTf#<o*U>. 

[00431 JBia<0«k d*. *^HHcOG a Nxe^^j/ 

iKWav^^ST'G aN4MgSMSJS3 0 3 iXf^df- 
v-V/^ft S-Wi^K:. I- n G a N#ig^iM3 0 4<0 

xe^^i/^M^mK «(H£W?g*nw 
hbog a Nxe** isvfrrfL&mmivwm-ffikiz ztL 

aNXtr** ^-v;U*«4 0 1 *i©#fc^jtai*S. 
[0044] mz. a*M^tc<k 0 ; <S#^G a Nxb"^ 

^r^A-^^JlS 0 5&lA*G aNXb-;y-*j^;Pj&i|Jl 
3 0 6*^^SaJlft:i:. GaNXt^^y-v/VSEftl 
3 0 3 <t >9 r -i TWB. 3 014 T-cO««*ti? 

ffi-r«»^T% GaNxW=>fvtyl«R40 1 >t 
J6fc, ^Vi-9-7T-fT»«3 0 1 SrWe-r&^t*l 

I.*. ■y-^r'fTa^s o us.- ^i$9-c»5io 

«3 0 1 £Sf®Lt\ GaNxt^^y^lffiffiS 

if§i»wtjttT. mi)^mtmx\ GaNxmv 
-1-/1^4 o uamhti&nx'. zmmtrnw 

[0045]^, AlGaN/GaNxen^ 

h. wmiM. mixeat^ m2xgtT«. tm 

COG a NXb'* ^ v+/P«*ffl««^l!it^k^< ^ 

[0046] M) m3Xg:BP*> N 05 (a) fc^ 
i-idt^. m2X^Ct5V*T. GaNxe^df^-vyP 
Bg^303tO±tC, InGaNXtn^MH 
3 04tJftftS*t«. TMI. TMG. HC lcoftjg 
$rjhi6. NH 3 Ji85t^4*-C^-fer^ia««:10 00 
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l tfx$HC l #A«i£^2 3K^AL, miktfVV 
A2 9 tKJSStTGaC 1 i: LT«J&-t& -I i: t\ & 

*3 0.5fcjfeRi-«. £tf)*HL 05 (to) {CSrTia 
£ s I nGaNlt^^;«H3 04(?)i(: > JS 
J?8 0 it mOG a Nxe?* ^-wHfc^Jf 3 0 5 

0. 3>xS0. 05 
J*V>.- <I K>fflB\*K7>&f&xTt3tUI . 
JUT«>X&-CaMflx y ^V^tcfcttS I n G a Nxt 
^i^Pj&KJl 30 4 COX >y fy/«*H"M 

§ < ffi3fc-& S . • .TOSS*. 05 ( b) 

3 t,Z.m& 1 0 /ftimeDAikQ a NXtT;?^ i^M&RJf 
3 1 6i*s GaNX br^# 3 0 5 aJtfcg 

[0047] (o) m4ig: -etr. ^-fer^ias 

*7 0 0X:*-CW.M«!DiajKtCj3V^T, ^?3IS<0SJtE 

• X'y.^/Srfr^. :MXl7fy/ll I riGaN 
xe?df^Mfii3 0 4 cr>X.£mm.mzx.y?:>7' 
rt $<0X: 06 ( c ) tCifrTJ: -5 (C. I n G a NXtf^ 

-T&V rnGaNxe?^f^;«fiS3 04<O^ 
iS^Sfc^**, I n Ga N XfcT^ 3r -Wt-jfcftJI 3 0 . 

^.K.vX»/f-y^*9iffL.Jt«S*«r^a4-r-TtfS 
HK^fci 9„ 06 <d) ICijrriofc:. Ga NX 
?t J^TMfc&SS 0.5 %Xf A 1 G a NXtf^v-r 
/H&fl®3 16*^:3:S«JIttfc. GaNxm^t 

>kj£*« 3 o 3 i *)Twy r a rms. 3 0 1 it<0S 

jfttfcsastrs. ^mmxmzx*). GaNx^^ 

^•v;HfcgJ13 0 5&tfA 1 GaNJce***"WHfcft 
«3 1 6*^55r&a«f!fc*f. A 1 GaN/GaNXW 
<¥&'*A'j£ftl8£K (JjTFfcfcWt r A 1 GaN/Ga 
Nxtf^^-v^gffij ) 4 1 ltLXn^tl 

[0048] ±ie<50j:-p^. ^HgcOA 1 GaN/Ga 
Nxtf^df^^/l'^fflSiKcoSBi^r&^itLjf. MO 
CVD^mMM^JtLm&X'GaNm&mi®3 0 
3ftxe^W;t*«*fc||fc, I nGaN#^ 
*SI83 0 4<9X£**:^/HfcK?:fi : lV ^0±(^j$ 
tGaNip^Mffi3 0 5£xt *Mf^-wWft£LTH 
GaN*ttAgfK3 0 5ML -M^ntL 

mz, ±MLtz£ot,Z. x.V?*i"r/Uf8.&m<?mffiiZ 
m&Zit&*fa]&Z>Sk'h?W**Zifi. AlGaNXfc? 

9*is*MKRM3 1 6<oxfcr^^^A-;i'^5rfi 1 a; 

fcK<k>3. A 1 fc^&^GaNxtTr^i^H&gJf 



m<7)H C 1 £ i: T\ #>4 0 u m/h 

A lGaNxtr^yr;«M3 1 6£j£ 
lit. A l^Ga, . x NXt^y^ 

ffcl^3 1 6<0A 1 C7)jfflj£x{i. 

(2) 

Htt#f§&ft&. 0 . *^<0A 1 G a N/G a N 

ttfXis+tummimRrtgmijmtz* tits > 

5S£tfcWS< J*®*? .* .a£&r~«>Sfe&A 1 G aN/ . 
Ga NXtf ?*v*;kS*K4 1. 1 jWSSBIfc; ■ SWi < 

[ 0 04 9 ] X; fLUltfA 1 GaNXW^yf/« 
*«3 1 6T"&S?rC\ ®4XS<^fgX>/^ymtC: 
tJVVf.. A 1 GaNXt^=Sr^-t;kBg;^fl3 1 6<SDXy 
f-yj5^tKt^tTS I "nGaNxe^^;H*Sl3 
0 4 eoxy.fr ft. S r x -y f - i^giR 

ifcj *24 0OmBI^*#^ffiife:-t-&£i:* i aj*S 

( A 1 <^Hjftx~:0 - fitOMft* . - 04 ( d ) <0 
«^). ; «JJB**: G a Nxe^df >^H£AJI3 0 6 
co^-fi; ' I ri G aNXt^tMIi 304C0X 
<yf-y^jaS<0Ga NXtr^^^;k«^l3 0 6<0X 

>y f-^^s^rr sx <y i-,>rmm±4 o.mmme. 
h^x- ttiz±i*%mR}tx$>&zttfw>)*&. o 

««X«y.*>^lCj: 0 . 06 ( a ) tC^-t-tlJ^COflJO 
0. fSW=GaNxe^#^;kfijS«Ji3 0 I 

GaNn^^*wia 1 6&t>&hmmfat. 

G a Nxt ^=3f v-wHfcft« 3 0 3 J: 0 T^"9"7 r -f T 
«S3 0-1 4T««Mi**=IMK-4cor» AlGaN/ 
GaNxt^Jfy^IS4 1 1 5r#&^fc. MV^ 
7r>fT««3 0 1 fcffie-t&i&S&aE^. ap*>. ^7 
r-f T*«30 limmLX. A 1 G a N/G a NX t 

X\ A lGaN/GaNXW#yt/H«i4 1 1#*§ 

[0050] ±IBcOA 1 G a N/G a NXtf 9*is->rlV 
fo&ffiSmt. GaNxf^^r^/H^^iSOScDi 
mtfiAX GaNxt^dfv-wHj&fl^S 1 6<0Sa«j§ 
X'br>1t. GaNXtf^df^^^^asO 5<DgJf# 
A 1 GaNxt^df^;kfifeftStc:LTt^^. BP 

% x xe?*x^/M£ftffls«fc LTiaistSftsaj^ 

A 1 GaNXt^*^^kJjyiJlT'fc&l§£-K 
ov^T. 07SrfflV^-Clft^-r-&. fr«^IXS. ^1X 
mSOf ^2Ig{i, M^cOGaNxtr^^^A-^fig^ 
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tOO 5 1] <-f) »3II:B2IlTGa.Nie 
f*>"rJUf8.&m3 0 3<r)±K:I nGaNxt^Jj-;^ 
/WR**3 0 4$J**«. TMI, TMG, HClfflf 
J6£it#>S. -e-LT, NH 3 {±SSL^^^T+f-feT^iS 
g£ 1 0 0 OK^ Xkfttth. fiSJ&ff&feh 
Tfrh. TMA£#X«*^S2 4^<i>&A-rS. Mfc> 
HC 1 ^^HC 1 tf^fft&f 2 3*>*>^AU «fMT 
>J ^2 9 1 KlE $ -£T G a C 1 t L X {fcte-fS CI t 
T. %>2 0um/hcOf&M&mT. AlGaNxm 
■' 4 ^/H«JMI3 1 SfcJftJW*. dO&H, I nGaN- 
. xtf^^/Uj&IIJf 3 04O±£. ffi|J?80,um<7>A 
. 1 GaNxt??=f ^-WHfcft»3 1 5jWt&ft.£. <tO 

aifluyy^ACiWftLTii^Hc i #Aim&£& 

4>U #*{J(^2 4*4>TMAfc*&Ufc**>HC 1 
tfX*mtt1-bZb"C* ttl O/xm/hOjfcHj&gT. 
A 1 GaNIt?Jf^^fil3 1 6£jfcK£-£6. 
MtfMlS*. Oahtk^A 1 GaNie^*5^** 

EM3 1 A 1 GaNlK^Jf^^i3 1 5 

,, A 1 x Ga, _ x NXt^^i/tMfil3 1 6^A 1 
Offij£x«;\ _hIE ( 2 ) ^-C^§m»|gHSJK^a^- 

[0 0 5 2] <o) 3&4XH : LTs t-t/i'M 
: $-70 orit'Ttf, &9Wtt£*%YC, 53S8<?5JUE ' 

^12 1 #xmx<g2 5fr£>*m*mxL. 

x.\z?*i'viV&WM3 0Acn>&*M1Rmzx.v1~>'-7. 

-r&OT-. 07 (a) ^-rjcdfc. I nGaNXtf? : 

-TO I nGaNXt^dfi^/H&fUlS 04O# 
XX.v+>jft±* InGaNXtny+MIi3 0 
4*^tom-rS* v Cfi : 3^«i:|i<. fc^ms^ 

h • xv^-y^'itfifL^aprc±i6T^v>. *lt. 

t »■ fa^tc: i '9.07(b) iCTrrfi o fc. A 1 G a 
NXbT^4fx^;l/^Jl3 1 I GaNXtf^ 

i^/PJiSyiJf 3 1 62p£>&$««#fc. GaNXt^df 
i"*frf8M30 3 &*)y<r>-*ryyA 7**$t3 0 1 *T 
£ . £ <0*WtEBfc J: 0 . A 1 G a N 
Xt^df^-v;t-fiS;*Ji3 1 5RVA 1 GaNX^ifi/ 

-wh££JI3 i efrbtc&ffliW-ff. a i GaNxe^ 

dfJ'-wHftJIfliMK (OTfcfcVvt r A 1 GaNXtf^ 
[00 5 3] ±lfitf0«k^5r. #36aH<OA 1 GaNlt^ 

G a NJtflSAIIHt 3 0 3 £x e**i/-wH«»j$tffc« 
fc. I nGaN#JSft}SK3 04eOXt^^ixA-;^^ 
SrfiV^ -e<0±(C^aj-C'A 1 GaN#JSa»K3 1 5$: 



xe^df^^jS^LTV^OT'. A 1 GaNfiffif 
§13 1 5\i. ~Jmfc2nXL&^tzWhKZM.ih>SLt, 

1 GaNXt^df^;^*S3 1 5. 3 1 6<^)Xt? 
*3s*AlAJt*fr3rfclCj:9« A 1 £-&£3:ViGaN 

xt?**5/*/naai»3 0 5,. 3 0 6cT)^-t:Jtb> AS 

0 » *^<?)A 1 G a NXtf ^ i^/l/j&ftjfjg&<7)$? 

[ 0 0 5 4-MElE«,'«aW*CJr*y.» fi&#fcA l G aNX 
\?**>>*&>J&gm3 1 5i&tf A 1 GaNXtf^df^* , 
/W£*JI3 1 6frt>%&mmWb. GaNxe^yt 
fUm§M3 03 i 9T<W7 r •< T&&3 0 1 ±wm 
mm^fM-f-i>(0X. AlGaNXtf^^-wP&fcM 

2 r*»*/aMc, aw*-? r-f ra«3 o 1 zmm-r 

: Si^tiK . AlGaNXt^y 

••-■WWfflK* 2 l'tf^tl^T', ^ttJtfitSW 
A 1 GaNXfcf^^Mfti3 1 5&tf 3 1 6 £M 
HTV>Wf, ^4XSor\ffix.yf->'^Ct5^T. r 

; A 1 GavNxe^V^yKK^Sa 1 5, 3 16«x ;7 
^y<mmzm-h I nGaNXt ^^^^-jftAV3' 

.v 0 4<DX-yfs>^3&gr$ga£i'LS PX-y^^atf?.^ 

jtj **2 4 oofem&<r>*:z%mi,z-r&zi:&iiim&<?> 
mw><m o a^$-gs< ^-s t tmmxt> s . .i«ws 

[0 0 55] (DSlOHft^mi - f<7>®M* 
Z<r)£dlZLxn$>tlKGaNtt?*is 

v;i^K4 o i zm^ttmiomi <r>9m<?>wmzi& 

[0056] 1 <7)ie5fi^!SCc^S^ 

m9 (d) t*TJ:3C GaNXt^ 
j/t/^S4 0 l<7)±t. nlGaNxe^^^M 
S«4 0 2. nIAl GaNXtT^^-wH&g^O 
3. nlGaNXt?^x+/V^Si4 04, MQWJS 
tti!4 0 5. plAlGaNim^t^O 
6. pIGaNxW^f^MfI4 07. P IA1 
GaNxt;?3-v-WMfcRJf4 0 8. pIGaNX^ 
dr^^B£*Jl4 09. nlGaNxt^VtMI 
J14 10. pUGaNxe^i'-wHfcfUlS 1, pI 
GaNxe^=ifi/t/HfiSl5 2^, JlOjlltCitmtJt 
«»*a6afcLTV**. 09 (d) BStJtit, nl 
GaNxt^df^;^^J14 1 0€rSilt. plGa 
Nxe^#->-v;l/^il4 0 9tC^r^Bflgi!*«ifttt^ 
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•wns««4 1 o*ia/n v?m*ffii$.ix^& . m. 

ttftOX-ZltLX^tfiffih., MQWfiS«feJf4 0 

^x. imt<)s^3mtz>zoizmmtix^i>. 

MQWigf£B4 0 5C0BI&;77 Klt^SnlA l 
GaNxe?*i^/««/I4 0 3&tfpSAl GaN 

fcriO, **i;-yHBt£J&-0**. S±ScopSG.a 

ft® 5 2 (Ctt. T y- H«S 7 1 tf*- 5 >y ^J^TS 
<fc3tCJBi£;*ixTV^. X. pMGaNXtr^#f^>kl: 
iftJUl 5 2K nlGaNXhr?Jf-/t^M1.4 0 2 . 
y- W) aj UffiHsWEWSStt;- £«Wr 

y- fussro as UBi&ojssp-tc^a} L>t nio a nx 

tf*4f 5"WHS*JB4 6 2t£#y-F®G67 2**. 
$y?fi^3J:3fc«j£$*VCV>&. nlG 
aNxt^^^;PM14 0 2<i. iPFtt«JS&ffi<s03r 

, [ 0 0 5 7 ] 09 : ( d ),(C^-r*^<0^1c7)|life<0^ 

^t=3r5^«»it^a^xt^df^;i,^«ii. 0 

[00 58] <-f ) 5t-f. 02tC*rf J^&MOCVD 

& £>iSJS& ( R F ) Snf&n 4 >V 3 2 fca*£ iBJfi 
L< tir^3 3fD±ClUftGaNxe^^^;H 

«4 o l ztmt . -tMr-r^i&gtfi i 5 o-c^hx 
nmm-h. <xwt\ TMGb^mx-miLtzs ih 

4«t^^fL. 9S (S i ) tt^nlGaNXt 
?3ri^;l4£gJl4 0 2£. 08 (a) tZ5jk~t£. 3 lz^ 
GaNxe^4f^-^;PS«4 0 1 <9±teR£4 //mtlS 

-?-cDSL TMA$riBJHflfcm-S<lt(cj:r>T. 
^SSslDCOnSA 1 GaNlW^/P«*l4 0 3 
Sr. ngGaNXU?^i^;H&R«4 0 2<7)_Lfc:. 
0. *. TMA^#t^f?±UTgi^i^V^ 

tnlGaNxe^ytMftf404i, nlAl 
GaNXt^^f>-^;^*ii4 0 3C0±tC. 0. Mm 

[0059] (n) *LX. TMG X S i H 4 co&i&S: 
#ifcL7t». -9--fey^iSSS-8 0 0 , CtT-T*f. 1ME7" 

^iae*<S^-ssti#o. -y-fer^is&a 1 . soo°c 

CSSLTM, TMGfcTMI£#&U *>3 13M£ 
•fofflSUtTMGfcTM I cO^'f y5:ffiV'>T4 / <7'<50 
I nGaNlf#F (QW) ^5t*»<c»=5:SiiStt« (OT 
tlfcwc TMQWJSiSJf j 2:^3. > 40 5*. 08 
( a ) (C^-Tct 3 iZtmrt. MQW«ttJf4 0 5 fi. 
SrtfrPMt LX I nMl 4%"C\ 3 . 5nmO 



I nGaNxe^W/WiUWL LT I 

nffl^3%TJl$7nm<0I nGaNif^^-/^ 
vin^OXt^drix^/^ftjiSrjSjgiflt,^ 

[0060] (vn) TMI tTMGtfD6M&£f?itLT>5> 
If-ter^i&Strl 1 5 0*CK3|-$\ V-tTf&Mff 
1 1 5 0°Cfc^LT*^. TMG, TMAMCpj 
Mg«r«»LT. <Mg) aSJn^pSA 1 

GaNXt^4fy-v;^S14 0 6 Sr. MQW$gttJB4 
0 5<7)±tC. 0. 0 4jumj&g$-£3>. JiWCTMAfc 
flj 0 . PlGa Nxe^:df^;Pj$^J14 0: 7 *; -pffl 
A 1 GaNxtr^#^^;W^®40 6<7)±fc. 0. 1. 
jumjfc*** 4:.^TMA*jMntt*frLT- pIA I G 
a Nxtj'^ v*MM408 £ .-. pIG a NltT?: 
*i<-T>VfcW§4 0 7OJ3C0 . 8um&&k%*kh< f| 
^t, TMA<0tt^#±LT^(7)^t-7/^y^A^ 
jDOpSGaNXlf^4rx^;^^S4 0 9Sr. P lA. 
lGaNX^^^ ;l"J&RS 4 0 8 co±l,Z % 1 ju mj£ 
<e<0&. Cp 2 .M*«flt»?feffjt^*fcRl«- 
'f=*ST4&Rt;;fc S i 'H&rxt&HtLX nl^G aN 
xtr**$<*;HfcgJB4 1. 02:.. plGa Nxt^^k 
**JfcW»4 0 **>J:& ' 0 lKmMtS. 
[ 0 0 6 1] (x),f<ot;,TMGtSd « 4 ^X<0« 
ttfcffiLU «MfeO«»a^^3 2^il«^jh^ ^ 

s . ^-fey^iaK** 3 .sioio*^*^^ £ ?>x\ n 

H 3 <Dmte£&±-f& i ULhcOA 3 {C LX , 08 ( a ) 

tc. vm**mxxzi'\)z&mcM (s i o 2 jg> 

l/fh77WOX?V (CF 4 > ^COX-y^-^flH^ 
X^fflV^Rjett^jTXX-yf-yi/ (RIE) (CfcO. 
S i 0 2 ^^^--^^L. nl^GaNXtm 

LX, Z<7)^v^~yym-?X.? ( S i Q 2 Srffl 

v>r. m% cc 1 2 ) *\ ztiizE.mmm 

(BC 1 3 ) Srani.^^Srx.y^-^^ffl^XtLT 
m^tzR I EKJ: a^xe^df-^^;^*Jl$-x.y 
i-y^h, Z<7)R I nlGaNxe^^fyt/l' 
jfcKJi4 1 0£KjIU pSGaNXtf^^^;l.^ 
S4 0 9{C. 08 ( b ) fc^-J: 3^Eia5*^$^ 

[0 0 6 2] (*) Dn^fig{CfflV^Si0 2 ^^ 

^tT^X^A (NH 4 F ) 7^at*^^S S i 
O 2 X'y^-y^T']lX0l^<. -5-LT. t3-JS, jfiR 
Xb'^df-^^;U^Ji*<tt«$il^GaNxe^^>r 
;U««4 0 1 Sr. 02fcj*-tMOCVDgao*£«A 

-rs. ^oh^t, nh 3 ztiiLKt&Tnmmig&z 
■ifU3 2i,zi:timim^tx. ii5o-c-e^^t^ 
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50XHZi3^X, TMGtCpzMgSrML^ pIG 
aNxt^^fi'+MSiS 1 ©L^cO 
pIGaNlW^ l«fi^)Cp 2 M 
gili. ^^LfcpffiGaNxe^^f^A'/U^Ji 
4 0 9O«i|5jt4J:U lumcr>&fklz£*). ife-fM 

85 1 CD±K. 08(b) tZifrtX 3 It. Sfc. C p 2 
M g fe<?>mtzmS>Ltl pfG a Nlt^^fi/t 

/HfcJUf 5 2£j£ft£-<i-S. ^<Of£. TMGOfft&fcfis 

ih t » tmrnm^ j>u3 2 ^<vmm*t¥±-?z . 
r^^a«*J8 5 0x:it'T^3tfci^T\ nh 3 <o«- 

gttfcGa.NlK^*^A^«4 0 1 MOGVD 

5 2 coiiffitt®^ mmm/ft?mmkx-mm 

J±. plGaNlt^^^;Hi£lI5 2<0»:li, 

BfB$:^^«-?m« (sem) zm^xwrn-tz. 
z<mm s e mmmiz &*) v , p ig a Nxe?*^^ 

j£*S5 2<7)&3lffi:&^ nSGaNXt^af^M 

. «Ji40;2 tx-osmzmm-tz . 

[0063] <M a^xe^^-wi'jfcgjf £0 
fi_t«CDp>MG a Nxe^i^/M&ftJl 5 2±fcT. S M 
. i0 2 .JK61£v CVDSTtitWrS. *LT. 7*1- 

yy/77rMii t R i Efcio, s i o 2 me r** 

^--y^U 09 (c) C^-T-ta^. j£ggxe^dr 

5^;ns««c* v- hs«ibx o lis Lmmzmm-ztz 

fc„ HfHSEMa^fciO^tfcpSGaNXfcf^df 
ytMI15 2;iP/iiiIGaNxe^^yt;«*i 

4 0 2iT'OJI££-*KLT. ^y-KftsaxoasLffl 

»COX-yf->^fr$-^^-^. S i 0 2 iS^X? 6 1 
J-I^tRIEtioT, 09 (c) t3^-ri:3t. n 
SGaNxe?*j^/M&f|Jl4 0 2#m^S£TlI 
S. .TORIES Cl 2 ^ ZtllZBC 1 3 

^HDtfeX -y f-^^^k'&ffl^Tff 
[0064] (h)<>;(:,Xyf^ffl7^61!:l 
TCOS i 0 2 $6 USUcii, iffifcnlGaNX 

t??dfS'-wM&gjf 4 o 2tcstra^v-H®8i7 2m 

Ct&mmmt LT*f> dl ) £2 0nnu & (A 
u) £4 00nm£. SttOK^lf^X^-y 

ztm^xtimtz. z<m. sio 2 it6ifc. nh 

4 F«#«S i 0 2 X-yf-V^Tl^fe-rS. Z.<F> 
09 (d) iZj^-tXoiZ. ^h«PZ07b*7X 

mizx*). #v-)*mmw9iiiLmm<r>gM<7)Mz. m 



aNXfcf?* ^A-/H&HJf4 0 2^0D#7— H«SI7 2 
cD^JgWJpffc t-trti. Ti, AucDfafc. A 1 , I nO 

^v>{st i ^a u ^#46?ta««jt j ?>^t«rtg 

-C$>&* <e<0&. SPrTt^rS i0 2 MCVDStJHIt 

*lt.. 7*byy^7-<£atfcF 4 f(0X7 

^•y^ffl^XSrMV^R I Efci: 0 . .I^fe&S i O 
2 Kfc^-X^U plGaNXt^^yt/Wft 

S5 2c7)±a5*^ffi-rs<J; otz, £rfc&s i o 2 Jl<o- 

&uzmtm£&&tz> . -e lt. P iGaNxt?^. 

-r^^ii5 2{cm-STy-KSffi7 lffiO£Jg?HS 
k LT\ x-y^;V- (>N i > 2- 2 0 nm; Au £4 0 0 h 
m. *SH«^>^\->y^^=5:i:-.?rfflV^T*fim-S. P 
iGa NX fcf >-T JV&Mm 5 2 ^7V - h'Sffi 7 

i «<o4«*mteLT.^N- i^A-u<aaww«a<^e 

fc. ;-?-5S"7A (Pd ) „• T i; M (P t ) . I nO 
j£v^iNi^Au£-&tf>*:«JgltSi x -£&Tt>»T 
#gTi56. £cO&. S-iO.2-.lt. ii (U7h*7) 
•fftif ; ' P SG a NX 5 2 ^Jiasco 

-a^^iC. 09 (d) K^id^ 7V-FWS7 
1 -^^itS. i£7)^8 0 0 ? C"C5*^; ^ 

L < li 7 0 AMSK< M^Uffl^tf'CIIWira 

l£. S»=S:*^-i5 -y ^m#ffi^^n5. 

[ o o 6 5] uh<vxottmi<?>mii&<7>&mim&¥- 

MIMtai^U . l&f^aK* 5 2 fSic*.* * T'^»»^ 
ajgL«. ^5&S9^L^^i^T2 3 OfflTfco 
5 0 00^c0#^Sr*t^* J P(42 1 2<iT:S) 

[0066] *^cOHJfiO^«^«.^##^ 
V. 2 0mATmfclZXmgmMLX^*itt s , 500 0 

mwcommmtzit^ s t mt<mm»xh hzt ami 

&*tz. 

[0067] z<7)£ o iz&mkomifocD&miz&&¥m 

Ga Nxt^df is^jVWfcA 0 1 Brtf'cOlfli^t^ 

$<&$Lx^zzbi>mmzm*>t>titz. mqws 

14J14 0 5«iScolliffl$r S EMffi^SrlUSL^. fflSS 

Lfc«Hrt »=J4H 1 3 fcjifcfut ± 3 xmizmm-r 



# 
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[0 0 68]^, AlGaN/GaNXt^^l/ 

(mi<v$mm) iz&z^mtt&m 
m *M&sm*mtr&: mi o ( b > iz^-r*mi 

— Tli. SSfciiBBL^08 (a) 9 <d) tmrnt- 

[0 0 69] M ) 02fc*f MOCVDgSO 

#X#A!f3 1 lis &t*NH 3 £{fe£L$r 

**£>R FJlS»rM ^3 2(3fflB&MteU tMsr* 3 3 
<7>±fcgl">rt:A 1 G a N/G a ' 
1 1 .ft&tfftU *r*.79im.1fil 1 5 O-Cfc^rS J: ol/Z 

"BHtr.*".- iKWC, TMGfc S i H 4 

-S-i-ftftK) nlG a NXfcf 9 *xtMIi4 0 2 & i» f. 
A 1 GaN/GaNXW#j/Wl«S4 1 l<r>±lZf& 

S igsitlOnSA 1 GaNlt^v-^^14 0 3 
£„ nlGaNie^^i/tMH4 0 2«±(:M 
fS. TMA(?«»&^±Lt5ll^^tnSGaNX 
b*;?*.v'-wMfcftJB4 0 42:. nlA 1 Ga-Nxtf*^ 

s i h 4 <7>m&Z&±Lfi:®. y-ty?&&&8o O'C 

S&ftt; SOO'CK&gLT*^ TMGiTMI^ft 

:t 3:1 3M&#oJI?S LfcT.MG i: TMJ.jflCK&ik& > 
^fflV%T4'<T<50 I nG aNflDMQWaffig4 0 5 Srit 

^fassri 1 50x;£mt< v-t-rfm&ifii 1 5o?c 

M^LX**^ TMG S TMA2ltfCp 2 Mg^mte' 
LT„ Mg8$2)Dtf)pffiA 1 GaNxe^^ytMfi 
4 0 65:. MQWjgttJf4 0 50±teJ&ft$-£6. 
TTMA*flJ9s pIG aNXt?3r>-wl4fcRJt 4 0 
7£, pIAI GaNXtf^4r^;^^a4 0 6O± 
ff«TMA^j&&Btt»&LTpSA I Ga 
Nxe^;V-Wl/ffcB«4 0 8£., pIGaNXtf^ 
^/Pj&gJi4 0 7cO±£&*;S-ti-&. fltwr,.- TMA 
<OW& £ LT *<?>t & M g mm p SG a Nx 
*S'*Sl'££J|4 0 9$-. pSAlGaNxtf^^f^ 
>H&IIJl4 0 8<fl±fcJ&i|$-£S. -5-0^ C P2 Mg 

(7)GaNlWy+;«H4 10J, plGaNl 
t**^*;|^Jl4O90XL(CjjtfW-*. T 
MGt S i H 4 ^Ott»tff±L, RFM&H'f /l^3 
2^®m£rfffjtr&. ^*r?i&£#>'3 5 0'C£T'T 

t^tit^bx. NH 3 ^jiss-#±-rs. m±<oj:d 

KbT. S10 (a) ^Srti5^#S^Soa^xt 

10070] (o) 01 0 (a) (Cijttjl^xt 
?*3'*;l<ftJtJI*>±fc:. H^S-^ffl&tJtS i 0 2 U£ 



<0GaNXt^dfyt^I4 1 OWX^fy^V 
X?£^j£-fS. -trfC. dcox-yf-^fflvx^ (S 

io 2 vx?) ^t, mm. RiEtciOs 

{5. nSGaNlt ?*&-r*jftJUB4 1 0 £ »IU 
pMGaNXfcr?=*.W^lfcKB4 0 9K:. DagfoWgj£ 
SftSiTIHSt. D0ffi»J£t3B»fcS i 0 2 
Si0 2 x-y^y^$T-JiX9GK. *LT. fed-** 
i^Xtr^df i>*.A'I&gMfftmZttiZA 1 GaN/G 
aNxe**;V-wt<g«4 H 02tCijrfMOCV 
D^S^^A^-S. £cOi:£i>, NH 3 SrSSL*:* • 
3.X'RFHaWk?A>V3 2lZjzZ,MmZmM)l,X. 1 15, . 

oxzx&feLtitzzx. nniftti,' -etr. -9- : 

■feT^SS £iljSiWCettWC. -TMGt C p 2 M g 
ftl&U'- plGa'NXW^t/^^iS 1 £ffcft$ 
tfS. fflLii0pIGaNXt^4fy^515 lj£ 
*^K0e P2 MgM{i. fttafcftLfcpMGaNXtrJ' 
*5>*7WMW4 0 9««i:Hfc*i:U ljumtf)j££ 
£<fc 0. ftrm^fzWt&*®.*>&. .I^pIGaNxt 
^T^j£*«5 1 <0±£. mz. Cp 2 Mg£®lC 
3 fgtf>ftfc*iHS>LfcP ^G a NX^4fy*;HS^B 5 ,« 
2 --fcj&JtS . TMG<7>fit*&$-^iiiL; RF 

j^3-f7k3'2y\<25^m^<?jh-r-e». ttwa»8- 
5 OXJiTTy^'k ^^t. nh 3 coe9&*«t±-r 

G a N/«aNxe^%y^««4. 1 1 Sr J M OCVJf 

D^BAx^axoaiL. jfi^xe^4f^*;pfie*®*t*fM.; 

SiXfcA 1 G'aN/GaNie?^yt;HI4 110).' 

^«®5 20«^H*^. nSGaNXtr^df-^-^;^ 
J|Jf4 0 2 *T<7)S0iS-a!l^t5 . 

[0071 ] On) il^xe^^^^;UjiK«Jlco 
aJiSiOpMGaNXtf^^^^fig^SS 2_k£. S 

i0 2 1^6 l?r*t»tS. ^Lt. Si0 2 M6 1^-« 
?—->7L, aMxtr^v--v;«««fc^V-HS 

sax •? aj ufflais-m-r st^x-yf-y/fflvx? 6 

1 -trUT, ifete, EKffiSEM|g^^J:'3«i 

^U,:plGaNltr^y+^M152*>ioniG 
aNX^dfy+WS|4 0 2 ZmicL 

^-5. S i 0 2 JlVX^6 l^fflV^RI EfcloT. 
nMGaNXtr^y-^Wjfc^/f 4 0 2*»*fSaj-t SiT' 
x<y^->-j/ffl"7X^ 6 1 i: tT<?)S i 0 2 
M6l2rSUJt**. ^IKnlGaNXt^dfy^ 
fiEftJ14 0 2d!lt6*y-Kti7 2ffl^SSIIlt 
LTTi/Au^ita-r-6. CLOf^ Si0 2 Jg61^ 

s io 2 x>y^-^isri^fe-rs. ^tfo^m, 010 
( b > izjk-rx oiz. #v- K«*iJR 0 m Lmmnim 
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5. %<rfik. «fcasio 2 iii*JMW*.-*:L-c. £ 

erttfc&S i O z Bte^-^i^U pSGaNXtT 

Si 0 2 KO-gi5tc:HPg|5S-®li^-S. *LT. p^G 
a NXt^^yrMfti 5 2 7"/— KS&7 

lfflO)&«?Sl!i: LTv N i/Au^tta^-S. CIO 
ft, Si0 2 Jg|£, ^*(U7h5f7) PIG 
aNXt^df.v-v;^ 1 R«5 2<7)lSSP<7)— WW**:, 0 
10 ( b ) iZTfrf X -? fc. 7*y-H«S7 lifiJ*?—- 
yr^tlZ. d^8 0 0«CT'5^Ha. fb<li7 0 0 

# y- h*s&7 2 . tv- 7 1 &tz: 

[0072] ELttf3 J: 3 1 CJHSfi^JSUO 

sg i wmzmizm h^mkw.<mm-nmz£ o , ^ 

ftl^— yV>»fWlr£^ttK|ia_L$-£S £ fc**ai* 

6. JgtC. Al G a N/G a NX t 4 1 

<X6*>6*ife. MQWJS14B4 0 5ffi£c9fflr®&S EM. 

3>MMKUL6rfitf*-9fc;. W:. A 1 GaN/GaN 
•,:xe^.y*;l^R4 l?l-(0«iJSKA 1 G aN|«: ; 

[0073] ifctC, ,A l GaNl^Jfxt«4 2 

i Srfflv^*^^ i <rmmmimmrysM&\ (is 

«ft*ife^i»»r*. hi i (b> &zrt*m&m 
<7mk<Dfm.^2mmmaz^h^^mw^-f 

i>. ftiaaSBBteNHRlC. B»cSiBJL3t08 (a) ~ 

m 9 < d ) t mu^xwmm-th z h immx-K h . 

[0074] <-f ) H2JC^MOCVDilS^ 
■^-fe7°^3 3<0±fcav^A 1 GaNXt^=¥^-v;^ 

K4 2 i Srini&u •^•fe^ias^i 1 5 0-Ct=tJV> 

t> TMGiSiH 4 «i^»L > nlGaNxe 
^^rv-v;^*®4 0 2S-, A 1 GaNxtfr^v'-wl' 
*t£4 2 l<0±fctfM«-6. *<0&, TMA^iiJp^ 
■T&ZblzX-oT. niAlGaNxe^^TO 
Jf4 0 3£\ nSGaNxt^dfjx-r;l/fiR^B4 0 2<T> 
±.\,zm.&th. TMAOftJ&JMLtnlGaNxe 
^^^^;^ft«4 0 4 2r. nlAlGaNxe^^ 

vji-f&.&m 403 ^.tic***-* . * t x , tmg. s 

i H 4 <o«&£#itL*:». tMrr^ia&S: 8 0 o-ca 

T'T*f> TMGfcTM I <7)*5-i y&Pft\>yX I nGa NO 
MQWvgttJi4 0 5item?Z. TM I fcTMGeO$& 

i&±txfrt>. iHzT?m&zi 1 5 oxucru t 



MG, TMA&tfCp 2 Mg£{ft&LT. plAlGa 
Nxtf^df 5"V7Hft*Ji4 0 6 MQW^ J ffiB4 0 5 
0±tC^$*S. i^V>TTMA$-l3J0. piGaNX 
U**^/Ujfcfi;i4 0 7£. pSA l GaNxt^ 
^*;kl&KJi4 0 6tt±k:jfcg$-£S. B^TMASrit 
!«*SLtplA 1 GaNXt?*y+M«l4 0 8 
plGaNxe?^^M5i4 0 7c7)±fcjfcR 
i^tv TMA^tt^ifjhLT^cDitpM 
GaNX^if ^;^Ii4 0 9 fcV pIA 1 G.aN 
xf ^^yt/l/Ml4 0 8cO±tCJ&n$-£6. 
S> Cp 2 M gC0ftte£rf?jt$-& fc PlUtlc: S i H4 ij* 
£«I£LT. n£OG-aNX-t?£#£/*A4K£JI4 10 
£ . plG'a Nxe^dr i/*;M££Jft4 0- 9 <9±fc:jfcg : 
^"5. *Of&. .TMGt.S i H 4 #X<9{Jfc;&£f?jt U- ■ 
■9--feT^iaM*«3 SO^STTj^ofc-fi^T, NH3 
oft^^ih-TS. Ja±<D±3fc:LT. HI 1 (a) 
^•f J; 5 =5r^Jf«it<0^xif^4f 

ns. • • -■■ - 

[0075] ( o ) mz. mi 1 ( a.) iz^tmm^ 

T . S I O 2 ffi<&^>*^ -— y~?L c nlf)G aNXM 

^» . * t rc . 4 -Z. cox > y f^I^MV>Tv l^x 
f * =^ i^-v t: x - y -f- yy-fh . C cox -y f - 

{i. nlG a Nxe^*feC-w/Hi!t««.4 1.0 ^rfiSIU ■ , 
pIG a Nxtf ^^/^*«4 0 9 iz. WSMffBA- 

s i o 2 ^v*y7mx'mm< . -euT. t d-s. 

5S^X tf ^ * J»;^«Jf *JJ^|§iftfc A 1 G a NX tT 
^^^^^»K4 2 1 SrMOC VD^BfO+^Af 

-etx. i?-*-r^iajgi 1 5 0*ctct$v>T. tmg 

t C p 2 M g £tti&bv plGa NXtf^dfi,-^,^^ 
«5 1^ft$1i-< f|o7tP3SP*S*!)«». icOpMGa 
NXtf^^s/A';^*»5 l<0±fc. Jg{C. PlGaN 
xt*^A>/Wj£*Jf 5 2STj&A3-t2:6. ^c^. TM 
G<7>^Srf?iht, -9--t^iaSA { 8 5 O'Clfc-CT^o 
^ti^T. NH 3 c0tti^S:(?jh-rS. CCO^ 
*7fiW&WmmSB&X'T¥->t:bZ.?>X'. lixt 
^*s^-lr/HS«»5«fi«S<lfcA 1 GaNxmxt 
;PS«4 2 1 Sr. MOCVD^fi*^IR0tiSi-. 

[0076] i^xe^=Jf 

«±SOpMGaNxe^dr>-v;^^S5 2±te % S 
i 0 2 1 Si0 2 H61 S-/t 

mmxv?*is*ji>&igmiz*v-}*m 
rnmta LmmzmtfL-r h fdh<nx. v + y?m?x 9 e 

ZLX. S i0 2 HVX^6 UfflV^ 
RI EtCi-^Tv nSGaNxe^^^^^ii4 0 
2*»Sfflf SiTJIS. iJCtC x.yf-^^ffl-7^^6 1 
i: U-COS i 0 2 me 1 ^IKnlGa 
Nx^^^^;l-^J14 0 2fcJti-|>^y-H«e7 
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2mo&mmmt lxt i /au ztm-rz. zmk. 

s i o 2 16 l S: s i o 2 i-/f y/fSm*tS. £ 

<m&. mi i (b) t^-jratc. «v-p«br9- 

. .-^-^y^Sft*,,. *<o&, 8rfc&S i 0 2 K&Wf*- 
-£LT. ClODSifc&S i 0 2 Bft't*— -S^U- 

■ : tLt, p£Ga.NXl£?*S'*A4ftJtJI5 2(C^S 
TJ-VW&7 lfflO&JSSSfffitfcLT. Ni/AuS*. 

iUf., ,pfflG.aNXK**5<*;HSJMi 5 2<0Hg|5O— 

MlTd'cfcT* y-H«ffi7 2 , tv- K«ffi7 1 
[0077] m±<o j: 3^*5KB«ois i <rgm.<mm<o 

' • S i 55t£; 'A' l G a NXf? 3- S^7P*«4 2 1 ffi^C 
''■■Jfctfc3^^f»-UjWBBarttifcffi3l3fc:Jl4*ifeJ: : d 

[00781 (m 2 «0§ISfi£0®HS : ¥»«cP— if oMft 

Hi2<4, &mffi2<Dmm<ommz&i,ife, 

imt< m&ffin£?iz. cmv-y T^rmmnzo 
$•3 o i vm&<r)><>>v?m&m&m\^<nx'\ite< . 

&tb«St^GaNXfcf^df^A';I^K4 0 1 Sr/fl^63 

*K4 o i ommizmm. ti/au y- nm® 

7 2tf*-$-v?tmZtlX^&. GaNlt^^ 
;1^4 01I4, 13 (c) ttfrttti jUjOM 
B*t, SiS:7xi0i7 cm -3 7112X1 0 1 9 c 
m- 3gStH-fy^LT*JWf^V^. 
i^fifc&^gOG a NXtr^dr^^;PS«4 0 1 tfLt 
fc. nIGaNlt^yA-M^i4 0 2. niAl 
GaNxe?4f>-r/H&&/f 4 0 3. nlGaNX^ 
^^;«I®4 0 4. MQW}SttJl4 0 5. pfAl 
GaNxe?^x-WW&gJl4 0 6.. plGaNI^ 
#y+^Ml4 07, plAlGaNlWyt/l' 
J&f|Jf4 0 8. plGaNlt^*j/t;^l4 0 



9. nlGaNXt^^MH4 10, plGa 
Nxe^S^UjjyiJf 5 1. plGaNxW^fyr 

4. 01 2(Cw?^J:.a--te, niGaNXWJfyt/« 
JIJf4 1 0 £S» U P IG aJKXtW x-WM&KJf 

4 0 9 fcjt^iPflWaWSftfcfic ##J$ixA:-o<7), n 
iGa NXtT^#>'*;WR^JS4 1 0 ^^7*0 -y ?B 

jk®4o*9<v\m<?)&ftc?>fr$:iti'Xmfiitfmti. mq, 
wsttB4 o 5 tern vc . gft^i < mmt •& ± 3 

fclftfcStlTsHS. MQWJgtt®4 0 5^Wffl!l$-^5 -y . 
H/ffc^S ,nIA 1 X£a,N^£2&^*-/l4&£JI4 0 3 
S^plAJ'GaNX W..^B«*i4 0 8m* 

«±®«pMGa Nxe^^;P^J15 2fd:. 
^m^m^-S y??>??bmT$>>0. pIG 
aNXt^^ 5 2 Wi; N.i/Au ^DT 
y-Hli7 l#*-$ -*1CXM3*LT 

5 2-j&»e.hffi«*a-NaceiJ':^S/-!WKRjUI4 0 2tC*?- 

:. cOXy fT>^^^^;6: l^fflV^JtiR ;I EXJg**£B&3 

..... NXB^i««4;Cll:<«I(:Ii^.^ Km 
«i7 2* 1 »^.S^-CV^<7)-C. 1 fH-?S^! 0 1 EfiO^-f 

*-xvm«y&x^*7>x'< mx-Ax {T-tyy/uy - 

[ 0 0 7 9 ] X, fcttSSt (KT»Bfh»ft) OA 1 Ga 
N/GaNxe^=lf^^yHS4 1 l^L<<iA 1 Ga 

Nx.v?*is*)vmR4 2 lnmmizmm^ ti/au 

A I GaN/GaNXt^+;HS4 1 If Kli 
A 1 GaNXt^df^*^£«4 2 ltt. 0 
6(c) -mmi ( a ) ^-t«®^$:f#«,/ci60xe 
^^x^/I/fie^tw, S i $ 7 X 1 0 i 7 c m- 3 JIM 
2X101 9 cm- 3 g&teK-e^LTfcWr, ^ 

m^hz.timmx-hh . 

[0080] (m3OHiteC0^: LEDOSi3i*fe) 
Sliai^m20lUfeO?Bffi<7)ijiBBfc*3V^T»i. 

WfeLEDOSBS^nffiSriiB^I,. .r <7)*5|Hj^ 3 o 
HJfi^JB«S»feL E D <9§!Ba2ri£lix 0 3^M04 
tC*LJt*-?S'CfflSL^:GaNxtr^^^-v;l^4 0 
l<0_bfc, MOCVDjS-C'Bfr^O^frWSrS^W^x 
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[0081] ( A ) 5fc-f . H 3 JbSl4 IZTfiltt&T' 
3{s:^OGaNXt^^^^/l^«4 0 1 ZmMth. 
* 1>T . 02 (C^tJ: P&M OC VD^SSrfflV^ 
GaNXtr?*5'-Wl'g&4 0 ltfD±fc. 18 (a) £< 
jj?$-J:3C. nlGaNIt^y+M«i40 2. 
nlA 1 GaNXt^df y-v/l'^f 4 0 3, niGa 
NXtr^^f >"\r7H&£B4 0 4 . MQW}gttJl4 0 5. 
plA l GaNXt?^M«S4 0 6, pIGa , 
Nxt^v^H&gJf 4 0 7. plA 1 Ga.NXtT? 
dr^;W&Kil4 0 8%.1/pMG a Nxtfi^S** JMR 
£«4 0 9 £v £ 0«3SggWCJ&ft-*-£ . .LiSO W 
.-feV-^iSBt^tS^S^Wiv plGaNim 

.^;l'fi£«e4 0 9<0±fc. SC. nlGaNXt^.L 
i^r***!41 0£j£*£-f. agxt^i/VM' 
ftSr^T-tSj^-CftS. SP*>. ^COJSJ¥<OpSGaN 
xe^S^/H£j|S4 0 9:^ftLJt£. TMGOft 

s. *i/t. iHrrrP^tfssox^TW^fcfcc- 

¥;^*^tt8f$tl5tGaNxe^^^;Pa«4'0 

MwawBi-Bafc. ^xt^^/UBS*®***^ 

tut G aNXt^ S"*tt<&K4 0 1 (OMiS.U^'M^ 
WBrU *0^ffi£SEMftS?-$-&. Cl^BfSSEM 
tBM£ £ 9 , pIG a Nxt?** ^-wH&fl^O 9,0) * 
e^ffii»6v nSGaNxtf*df£^;M«ft«4.0 2.*, 

[0082] <o) mz, mmx-v?*isv)vjmm<7> 

SdJf OpSGaNxe?*^/MR:ftJf 4 0 9±C 
T/- F«ffifc£S®5!1l®f . »feL E D 

0*§&<i. pIG a Nxt? yt;«fti4 0 9 A> 

ftffcWtcte. ITO C4 • -r-f *3MM 

J* ) tWitbtlZ® ( S n ) SanLftitfl^ Vy'^A 

CVDS. «^«^*;W*&&fc'£^v-cJi1g-f 
j£v>{2. Aug|ISc7>£jg£5nmiIjgC. -HHS< 
JBlftLTiSjrafcl/OflvvtfcAn. -?"LT. SiO 

2 iW'^sx7f^'?^fcs mBjmmm<v±.iz 
t, ^-rsBjssas-^-^-x^-rs. sic. s i o 

jfcfc:. RiBSEMgWfcJDWBLfcpSGaNxK* 
^xt^^OQKnlGaNxe^^j/fM 
^14 0 2 *T'OH$ fcgfc tT . # V- HVfflR «3 til 
LmmZm*). nIOaNxe^WA*«4 0 2 

[0 0 8 3] x^y^ffl-ex^Bll.*: 



*4, MfcnlGa NXt^^f y+;«gf4 0 2 1 

tttitiv-Ymmme&mmRb utt i /aui 

ffe.-Si0 2 JR*. NH 4 F*i«f<0S iO2X7f 

y^arei^*-r-6 (V7h*7-rz) . comm. ay 
&apjra^jviWfcM*R«>N i /aue a i m 

Oft 80 0*eT5$i1BK -«rt»<l*7 0 0XTC2 O'JMH 

[0 0 84] 3 0 0Atm^Of--yr^-WOaiL 
fcft* WJeox-f* (My^jr-^) t?^M, *V 
- Fll, 7/- HfMtc^f •< J'*"** £ tic J; 

U&m&as *7**feM O C V D£&Og«[i: LfcSBS 
-t-0 0 85 ] gtfcifi^fcJ: S C. *«S<0*HMf5«®!? 
<. ffiJtStfi;OG:aNx:K , ^#v-^7l^4 0 1 SrfflW. 

iik^m^jfttewa****-. «^>-c. 01 ztmt 

iz: • *mi<?>m3 OHifi«0»SOWfe LED* ■« 
SrtSSOG aJ^xe^^/W««4 0 1 OSffitCB ,-. 
*; *y-b*«ffi7 2S:>j--5<x^«S!6aj*S. *t v 

1 «±Kv nlG a Nie^^f i/tMS!4 0 2 , n 
MA 1 Ga Nxe^drv-WM&ftJ^ 0 3 nlGaN: 
XtT^4r^v;^^B4 0 4 , MQWS§fiJl4 05. p 
IA 1 G a Nxt^^f xt;l'Mi4 0 6 , pfGaN 
xtf^df^^;^ftJi4 0 7. pSAlGaNxtH 
i"rto&&m4 08MpIGaNxWJfi/^M« 
e4 0 9££<9«fc*«Lfc*iSfc*iVvC. pfGaN 

vmtth x o Kisttiif, ^ieimfliMo»6L e d 

*<3§J£-M>. IP*=>. plGaNXt^Jf>-t««J|4 

y- Httflax o aj LmmzBrn-tz fc46ox . y ^y^s 

(C. *y-K«fiROastfflai*»J«U«rV^^«B««r 

MMffK^>GaNxe^^-^<v/us«4 o i commizm 
*y-H«S7 2*q»*snTv^oT. 
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[ o o 8 6i *miv>m3r)$m<7)Bm£t$^ 

X\ GaNxf ^#H/kifi4 0 lOffcbOte; Al 
GaN/GaNlt?^yt;^4 1 l^t<«A 1 

0 c v d mx'mfee&mftm zmmizx. t9 ^ 
[oo 87 ] ( *<7)fc<n$m<mm.) zox *tc. m 1 

[0088] H3^H4{C^U/ 1 r^-Cffl® 

, MO C V D&T\ £^13M&Mtt&£mfex.tf 
^j^/Pj&*LT®j£^S£MCJ: , >. MESFET 

. .^HEM Tf<0l?^ K X ZWm-& Z tl>&m&. : 
[ 0 0 8 9 3 ME S FETc7)lS^-{±. ffiJfcLJfc' 

?GaNlK^4fy*;l<iS4:a.l : ;,A 1 GaN/fiaN-., 

xe^^^r;Ul4 ll^KteA l GaNxt^ 
"W7l>S«4 2 KOJt'to^ 4 0 hmSOA l NX*?:* : 

nmOA 1 NXlf^af fc'Sr 4" 
10 0 — 250 n mcTJG aNxf^i'-wW&IUlSrJiI 
rnby (H+ ) SKi^y** ( h 

e+ ) trmtLm^mm&^m&ti. *lx. y* 

h V V 7*5 7 -f Jttf R I E £fflWtS_Uf<9G a NXfcT 

500 -c wo&bui l . y Ki^-r >m &mm 
• y- hmm&j&tfi-tiuf. mesfe r^m^Lta 

isavb*- • y-hWMli. Al, Pt/Au 
^>&H£JBWtfc&v*. -r<7)J:33\ GaNxt^df 
5"WHS«4 Oh Al GaN/GaNX^ifyt;!' 
m&4 1 1^L<(SA 1 GaNxf 9*i"r)VWfc4 2 

1 SrfflVvcSSBSt L?t:ME SFETIi, *"*-*/M|*>ttA 

[0090] HEMTO^Il HaUGaNxe^ 
^^1140 1, AlGaN/GaNXWJfyt 
>V>gffi.4 1 l^lXteA lGaNX^^yt/H«4 

2 10Jit^ 2jumcOKtt ( GaNA^ril*: 
xtr*df>-WM£gU £<0±(C 20nm(0nIGa 
Nf-«v*/Wf* lOnm^ilAlGaN^-fi, 



1 5nmcOn®A 1 GaNlfffei?:, Jlfcrxt^df 
S"Wl<tf*U H+ ^L<iiH e + SflSftf L*?4»WR 
aS-^JS-TS. jgW± s R I ET'SH^StSISrTEfrftl^ 

AJhiO'nfiA 1 Ga N^^teS^. Ti/Al 
£Sy-X/KW>-®S5, StfAn. Pt/Au. ^ 
L<teA l-^feft^y-bWSJBfltWtttf, GaN 
/A 1 GaN'sxO^£ffl^3tHEMT*^j£a}3fc 

nffiGaN-^^Wffc MA 1 GaNX^sr^JB- 
fc<^^o^#®£2<*^^#X#J£j£§ft&. ft 
V>{± s niGaNft *-/WS<aJ:£, i IA'l NA^' 
■tf-JI, nIA 1 N.«^£teJI£JIIfcJf«.U Ga N/A. 
1 N^.O^fc ftV ^£ H E MT £*fj£ LTt'&V). Mi: 
E S F E T<0%^- 1 Wmz* awxe?^ 
1, Al GaN/GaNXW^-f^ 
«4 1 l^L<fiA 1 GaNXtf**^.wl^4 2 1 

y999yxg m *&hZtifi\i&kh. 
[ 0 0 9 1] X; l(r»bfc*^«0G J aNX t^4r»/^. 
/l^R4 0 1\ A 1 G a.N/GaNXtm+;l«j 
4 1 1 m t < &A 1 G a Nie?^f^^/HI4 2 IO 
ifcv 4 0 nmOA 1 NXtf^# v-^ftSS. ; 3/im 

cog a nx -y^ jV^MM: e n mwA 1 nx tr^ 

0nm^GaNxe**^-WW£^£MK:*mU H 
+ f KliH e +,£HBIt ^Viv'^^MtillCtfillir* 
^ffii6i2X-C% XT^Kffitt^ft^ . • * L/C . «± 
m<7>?V*)Vm (Ga-.Nxt^Wrt'ltai) <0± ^ 
fC. 80nra«j/'j3yM ( S i 3 N 4 H) ?rift« 

ci^s i 3 N 4 miy~hmtmtv. y-htm 

tf. MI SFETtfttfttH**. f'A'^Ji**. 6nm 
cOA 1 N^?*is-r>l<l8.MmX'mtZ\isbt>ti*:ffi&X' 
Z<7)t$. GaNX^^df^/p^stC. Ti 
/A 1 M44V-VFW y«Sft}Mmtf A 
V\ *^ ( 7)GaNxe'^=afv<-v;W»K4 0 1, A 1 G 
aN/GaNXt^y+;l^«4 1 l^L<tiA I G 
aNXtf^^>'^l^flii4 2 1 S-fflV^T^jtL^ClcOM 

isFEm ***jum<vffi6)Bam< , sajv^a 

[0 0 9 2] ftV^ii. ffiJtffitaA lGaNxtf^df^ 
;P»E4 2 l^:3^^'^jli:LTfflV^. £0±tCXt^ 
^■^/^ftLTtGaN^-XJf&t^A 1 GaNX$. y 
^SSrffl^itA 1 GaN/GaN^fD^5:ffll,^H 

BTfejfifs«r^«»tt % Mocvumx-mmiziim 

VXMf&LXl>&\,\ m^t. <SitffitJiGaNxe^# 
>-v;l-S«4 0l2:3^^^jltLTfflV%, Z<r>±t,zx. 

I n G a N^-^iiSt^G a Nx 
$ -^JiSrfflV^GaN/I nGaN'vrni£-££ffln 
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' < (±\ mtfcSSiG a Nxt?**V*A«4 0 1 OSB 

■■ • " [ 0 0 9 35 ^'.'u. ^^v.-:' • 

[ o o 9 4 ] *%mz £ix&. mm,m>x- v?* 

[0 0 9 5] X. *^BH(Ci:#Hf. lK^^fi' J rW« 
' : ! ffl^O±(c; Xb*^^^;«ft$tl.SGaN^-fb^ • 

. - . 

ro'0'9 6Tm*rc % ~*WMn¥&imS<DW&mtz 

io 097] x. *muz£tiif^ xe^^^ss 

- [0B<Oflf#SrilBJ!] 

[0i i ^^^■S'^^^fSMmmLom^fsm 

»rffl0-C£>&. 

[02 ] #3&HJto^fl^a<3«Jg#£fcJB^S M O C 
V D«g(3lP&^£^?1Brii0T& ■& . 
[03] *^BB<^GaNXtr^4E-^^;«^«S<7)S 

[04 ] *%Hgc7)GaNxe^df ^/I'^ffla^^ 

[05] &%&m<7)A 1 GaN/GaNIt^Jf^;« 

1) . 

[06] #:?g«9!<7)A 1 GaN/GaNxtT^df^^;^ 

2) . 

[07 ] *?fcBJ!<7)A l GaNxe^df^^^ffiS^ 

o§8t^i£s-^-rxsBiBa0T'ft & . 

[08 ] i o^^miffifcS^ttllS 



<-?-<01). 

[09 1 ..*«W(oari «^j©BSi{=«*>s¥««^s 
(-e»2) -. : - 

[010] #3feBjtoJg l <^)^SI^®<7)^f«l (S8 1 ®3S 
£^XiiB)Tffi0T'ib&. ; • 

[01 1] *m^i<7mmm>mtmm <i&2 

[01 2<] *fKB^247)|U6«ojgJgtSflBb S^ticg 

5 (^*>TT#),co«jS^^Bffffi0'Cfe&v 

[0 1 svmmmm#mm<owmrmiz x h^m^ 

[ft****!] 

21 wammmm 

2 2 NH 3 *'X^f 

2 3 HC.t^fXiAS 

. 26, 33 -tr-tr? -, 1 , Vr .,.;:,..,.:-.-....._ 

' 2 8 am-' ■ 

5 1 pIGaNit;^^>'+;nS*l 

•: -5 2 ■'¥pS^'a«E^ii'^l«Sfcll 'J '.- :'■ 

6 1 Si.o: 2 .JS.i • 
, 7 1 r^^-'K«SI . 

7 2 tfyja KSffi 

30 1 ^'^^(cfflt^T'fTai) 

3 0 2;v<G : &Nti9UftJUI 
303 GaNXb*^drv-^fig^Jl 
3 04 I nGaNie^yt/rtlf 
30 5 GaNxb-^dri^-v/Wflgfta 
306 GaNZt^^^/«*i 

3 15.316 AlGaNxt^y^/^I 
40 1 GaNXt^#y-r;l^« 
402 niGaNxe^yt;«M. 

4 0 3 nlA 1 GaNl^^y+^1 
4 04 ng!GaNXb*?=^A';M&fl® 
405 I nGaN#ll-f#F (MQW) ?S1til 
4 06 A 1 GaNxtf^^-wHjfcgJf 
4 07 p9GaNxe?#S'*/l<j&ftJ| 
4 08 plAlGaNXt^Jfx-V^MJI 
4 09 pMGaNxb^df^-r/H^^JS 
4 10 nSGaNxe^df^A';W^Jl 
4 11 A 1 G a N/G a Nxb^df v-V/I^^K 
42 1 AlGaNlt^-v/Hi 
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[02] 



22 NHaittWAS 
/24#**AS 




27 SttUflftt-*- 



1^1 IS) [S3 \ 

SSSSS 



21 ssraureo 



~ v. r777T7\J 



23 HCirfafcAB 




32 ssjHamittt-^- 
ooooo 




[H3] 

X8Br»H<*<01> 



(a) 



Cb) 



(c) 




401 cuwi^HfV 
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[05] 



(a) 




InGiN 



GaN 




(b) 




[01 21 



P-<W 




p-CoN 



1131 



n-GnN 



n-CaN 



p-CaN 



D-AIGaN 



p-GaN 



p-AKJaN 



rr-AKSaN 



rr-CUN 




p-ACaN 



MQW 



p-GaN 



50fifn 
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[07] 




(a) 



421 Aicaratr^ 



(b) 




i ¥/////< 



SSSS/j 



V r ' .- ■ 






I p-AIGaN 


( 








" rt-GaN . 






p-AIGaN 












> , n-GaN 
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[09] 



(c) 




(d) 



71 -rj-v-nm 







p-G&N { 




d-AIG&N J 


p-G*N _\ 


p-AKJaN ~f 






.V//A 


p-AJGaN _ 




GaN J 





^402 



M01 



(a) 



[Si 0] 



n-GaN 
p-CaN 



p-AIGaN 



p-CaN 



O-AIGaN 



n-CaN 



p-AIGaN 



n-CaN 



-410 
M09 
-408 
-407 
-406 
405 
M04 
^403 

^402 



AlGaN/GnNxtf^+xT^WWr 



-411 



(b) 
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II 13 



(a) 



p-CaN 



p-GaAIIM 



p-*GaN 



p-G«AIN 



MQW&1UI 



n-CaN 



p-CaAlM 



n-GaN 



^402 



-421 



(b) 
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